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$V$ $\Omega$ $\Omega$ $G(\Omega)$ $:=$
$\{g\in GL(V);g(\Omega)=\Omega\}$ $\Omega$ $\Omega$
1 1 ([13]), $\Omega$ $(V, \triangle)$
$G(\Omega)$ $H$ $V$ $H$-
$\Delta_{1}(x),$
$\ldots,$
$\Delta_{r}(x)$ ( $r$ $\Omega$ ) $V$ $H$- $p(x)$
$p(x)=\Delta_{1}(x)^{m_{1}}\cdots\triangle_{r}(x)^{m_{r}} (x\in V, m_{1}, \ldots, m_{r}\in \mathbb{Z}_{\geq 0})$
([7]). $\triangle_{1}(x),$ $\ldots,$ $\Delta_{r}(x)$ $\Omega$








1 1 ([5]) $V$ $\Delta$
$V$ $(\varphi, E)$
1825 2013 56-68 56
$(V_{E}^{0}, \triangle)$ : $\lambda,$ $\mu\in \mathbb{R},$ $\xi,$ $\eta\in E,$ $x,$ $y\in V$
$( \lambda u+\xi+x)\triangle(\mu u+\eta+y)=(\lambda\mu)u+(\mu\xi+\frac{1}{2}\lambda\eta+\underline{\varphi}(x)\eta)+(Q(\xi, \eta)+x\triangle y)$ .
$u$ $V_{E}^{0}$ $e$ $V$ $e_{0}$ $u=e-e_{0}$ $V_{E}^{0}=\mathbb{R}u\oplus E\oplus V$
$\underline{\varphi}(x)$ $\varphi(x)$ $Q$ $\varphi$ $E$
3 ([5]) :(i)
: $V=\mathbb{R}\oplus W$ ( $W$ ), (ii) :Herm$(r, \mathbb{K})(r\geq 3;\mathbb{K}=\mathbb{R}, \mathbb{C}, \mathbb{H})$ ,
(iii) :Herm$(3, \mathbb{O})$ .
(i) (ii)
$V_{E}^{0}$ $\Omega^{0}$ $V$
$Q$ ( 2.2, 2.6).




$V$ $\Omega$ $V$ $G(\Omega)=$
$\{g\in GL(V);g(\Omega)=\Omega\}$ $\Omega$ $\Omega$ $G(\Omega)$
$GL(V)$ $G(\Omega)$ $\Omega$ 1 $K$
$H$ ( )
$G(\Omega)=KH,$ $K\cap H=\{e\}$ ($e$ $G(\Omega)$ )
$H$ $\Omega$ $x_{0}\in\Omega$
$H\ni h\mapsto h\cdot x_{0}\in\Omega$
$H$ $H$ $\mathfrak{h}$ $V$
$\mathfrak{h}\ni X\mapsto Xx_{0}\in V$ $L:V\ni x\mapsto L_{x}\in \mathfrak{h}$
$L_{x}x_{0}=x$ $V$ $\triangle$ $x\triangle y:=L_{x}y(x, y\in V)$
$(V, \triangle)$ 3 :
1. $x,$ $y\in V$ $[L_{x}, L_{y}]=L_{x\Delta y-y\Delta x},$
2. $s\in V^{*}$ $s(x\triangle y)$ $V$
3. $L_{x}$
3
Vinberg [13] 1 1
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$\Omega$ $f$ $H$ $H$ 1 $\chi$
$h\in H,$ $x\in\Omega$
$f(hx)=\chi(h)f(x)$









$\Omega=\{x\in V;\Delta_{1}(x)>0, \ldots, \Delta_{r}(x)>0\}.$
$\Delta_{1}(x),$
$\ldots,$




$R_{x}$ : $y\mapsto y\triangle x$ $DetR_{x}$ $H$-
1.1
1.2 (Ishi-Nomura [9]). $DetR_{x}$ $\Delta_{1}(x),$ $\ldots,$ $\Delta_{r}(x)$
1.1
$V$ $V$ $\circ$
( $V$, o) :
$xoy=yox, x^{2}o(xoy)=xo(x^{2}oy) (x, y\in V)$ .
$e_{0}$
$V$ $\langle\rangle$ $M(x):V\ni y\mapsto$





1.3. $V$ $r$ $(V, \triangle)$ $V$













$\langle\cdot|\cdot\rangle_{E}$ $E$ $V$ $\mathfrak{g}1(E)$
$\varphi$ $\varphi(e_{0})$
$\varphi(xoy)=\frac{1}{2}(\varphi(x)\varphi(y)+\varphi(y)\varphi(x)) (x, y\in V)$
$(\varphi, E)$ $V$ $\varphi(x)^{*}=\varphi(x)(x\in V)$
$\varphi$
$E$ $Q$
$\langle\varphi(x)\xi|\eta\rangle_{E}=\langle Q(\xi, \eta)|x\rangle (x\in V, \xi, \eta\in E)$ (1.1)
$Q$ $\Omega$-positive $\xi\in E$
$Q(\xi, \xi)\in\overline{\Omega}\backslash \{0\}$ $Q(\xi, \xi)=e_{0}$ $\xi\in E$
$\varphi$
1.4. $V$ $(V, \triangle)$ $V$
$(\varphi, E)$ $V$ $V_{E}:=E\oplus V$
$\ovalbox{\tt\small REJECT}$ $\triangle$ $(V_{E}, \triangle)$ :
$(\xi+x)\triangle(\eta+y):=\underline{\varphi}(x)\eta+(Q(\xi, \eta)+x\triangle y) (\xi, \eta\in E, x, y\in V)$ .
$\underline{\varphi}(x)$ $x$ Peirce $x= \sum_{i\leq j^{X}ji}$
$\underline{\varphi}(x):=\frac{1}{2}\sum_{j=1}^{r}\varphi(x_{jj})+\sum_{i<j}\varphi(x_{ji})$
$V$
$V_{E}$ $e$ $V_{E}^{0}:=\mathbb{R}e\oplus V_{E}$
$u:=e-e_{0}$ $V_{E}^{0}=\mathbb{R}u\oplus V_{E}$ $V_{E}^{0}$
: $\lambda,$ $\mu\in \mathbb{R},$ $\xi,$ $\eta\in E,$ $x,$ $y\in V$
$( \lambda u+\xi+x)\triangle(\mu u+\eta+y)=(\lambda\mu)u+(\mu\xi+\frac{1}{2}\lambda\eta+\underline{\varphi}(x)\eta)+(Q(\xi, \eta)+x\triangle y)$.
$V_{E}^{0}$
$V_{E}^{0}$ $R^{0}$
$R_{\lambda u+\xi+x}^{0} (\begin{array}{l}\mu\eta y\end{array})= (_{0}^{\lambda}\frac{1}{2}\xi \lambda id_{E}R_{\xi}^{0}0 R_{x}R_{\xi}^{0}0. )(\begin{array}{l}\mu\eta y\end{array})$
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$\lambda u+\xi+x\in V_{E}^{0}$
$DetR_{\lambda u+\xi+x}^{0}=\lambda^{1+\dim E-\dim V}DetR 1$
$\lambda x-\overline{2}Q(\xi,\xi)$
(cf. [10]). $V$ $\Delta_{j}(x)(j=1, \ldots, r)$
1.2 $V_{E}^{0}$ $(\lambda u+\xi+x)(j=0,1, \ldots, r)$ $\lambda$
$\Delta_{j}(\lambda x-\frac{1}{2}Q(\xi, \xi))(j=1, \ldots, r)$
2 $(V_{E}^{0}, \triangle)$
$\mathbb{K}=\mathbb{R},$ $\mathbb{C},$ $\mathbb{H}$ $V$ $r$ (cf.
Faraut-Kor\’anyi [5] $)$ :
$\{\begin{array}{ll}r=2\Rightarrow V\cong \mathbb{R}\oplus W ( W ) : r\geq 3\Rightarrow[Case] =ffl\rfloor\oint^{ J\triangleright_{\backslash }^{\backslash }}\}\ovalbox{\tt\small REJECT}\backslash \end{array}$
$r=2$ $r\geq 3$ Herm$(3, \mathbb{O})$
2.1
$V=Herm(r, \mathbb{K})$ $d=\dim_{\mathbb{R}}\mathbb{K}$ $V$ $0$
$x oy:=\frac{1}{2}(xy+yx) (x, y\in V)$
$V$ $\Omega$
$\Omega=$ Herm$(r, \mathbb{K})^{++}=\{x\in V$ ; $x$ $\}$
$V$ $\Delta$
$x\triangle y:=\underline{x}y+y(\underline{x})^{*} (x, y\in V)$
$x=(x_{ij})\in V$ $\underline{x}$ :




$\mathbb{K}=\mathbb{R},$ $\mathbb{C}$ $x\in V$ $\det^{(k)}x(k=1, \ldots, r)$
1.3 $(V, \triangle)$
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$(\varphi, E)$ $V$ $E=$ Mat $(r\cross p, \mathbb{K})$
$\langle\xi|\eta\rangle_{E}={\rm Re}$ Tr $(\xi\eta^{*})$
$\varphi(x)\xi=x\xi (x\in V, \xi\in E)$
(cf. Clerc [3]). :
$\underline{\varphi}(x)\xi=\underline{x}\xi (x\in V, \xi\in E)$ .
$Q$ (1.1) $\varphi$
$Q( \xi, \eta)=\frac{1}{2}(\xi\eta^{*}+\eta\xi^{*}) (\xi, \eta\in E)$
$\varphi$ $p\geq r$ (cf. Clerc [3]).
$V$ $E$ 1.1 $V_{E}^{0}$
2.1. $V_{E}^{0}$ Herm$(r+p, \mathbb{K})$
$\mathfrak{X}$
$:=\{(\begin{array}{ll}\lambda I_{p} \xi^{*}\xi x\end{array})$ ; $\xi\in Mat(r\cross p,\mathbb{K})\lambda\in \mathbb{R},x\in Herm(r, \mathbb{K}),$ $\}\subset$ Herm$(r+p, \mathbb{K})$
$V_{E}^{0} \ni\lambda u+\xi+x1^{-}\mapsto (_{\ovalbox{\tt\small REJECT}_{2}^{1}}^{\lambda I_{p}}\xi \frac{1}{\sqrt{2},x}\xi^{*})\in \mathfrak{X}$
Herm$(r+p, \mathbb{K})$ $\triangle$
2.2. $V_{E}^{0}$ $(\lambda u+\xi+x)(j=0,1, \ldots, r)$
$\varphi$ :
(1) $\varphi$ $p\geq r$
$P_{j}(\lambda u+\xi+x)=\{\begin{array}{ll}\lambda (j=0) ,\triangle_{j}(\lambda x-\frac{1}{2}\xi\xi^{*}) (j=1, \ldots, r) .\end{array}$
(2) $\varphi$ $p<r$
$P_{j}(\lambda u+\xi+x)=\{\begin{array}{ll}\lambda (j=0) ,\triangle_{j}(\lambda x-\frac{1}{2}\xi\xi^{*}) (j=1, \ldots,p) ,\det^{(p+j)} (p \frac{1}{\sqrt{2},x}\xi^{*}) (j=p+1, \ldots, r) .\end{array}$
:
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2.3. $\lambda\in \mathbb{R},$ $\xi\in E,$ $x\in V$ $p(x)$ $r$
$F(\lambda, \xi, x)$ $\lambda$ $k$ $x$ $r$
$F(O, \xi, x)\neq 0$ $(\xi, x)\in E\cross V$
$P(\lambda, \xi, x)=\lambda^{k}p(x)+F(\lambda, \xi, x)$
2.4. $\Omega^{0}$ $\{X\in \mathfrak{X};X$ $\}$
2.2
$W$ $n$ $B$ $W$
$n\geq 2$ $V=\mathbb{R}\oplus W$ $V$ $0$ :
$(a, w)o(a’, w’)=(aa’+B(w, w’), aw’+a’w) ((a, w), (a’, w’)\in V)$ .
. ( $V$, o) 2 $\Omega$
$\Omega=\{x=(a, w)\in V;a>0, a^{2}-B(w, w)>0\}$
$e_{0}=(1,0)$ $e_{1},$ $\ldots,$ $e_{n}$ $B$ $W$ $c_{1}=$
$\frac{1}{2}(e_{0}+e_{n}),$ $c_{2}= \frac{1}{2}(e_{0}-e_{n})$ $c_{1}$ , c2 $V$ $V$ Peirce
$V_{11}=\mathbb{R}c_{1}, VV22=\mathbb{R}c_{2}, V_{21}=\mathbb{R}e_{1}\oplus\cdots\oplus \mathbb{R}e_{n-1}$





$x\triangle y=(x_{0}y_{0}+B(\hat{x},\hat{y}), x_{0}\hat{y}+y_{0}\hat{x}+y_{n}\hat{x}-B(\hat{x},\hat{y})e_{n}) (x, y\in V)$
$V$ $\Delta_{1},$ $\triangle_{2}$
$\triangle_{1}(x)=x_{0}+x_{n}, \Delta_{2}(x)=x_{0}^{2}-x_{1}^{2}-\cdots-x_{n}^{2}=:\langle x, x\rangle_{1,n}$ (2.1)




2.5 (Clerc [3], [4]). $(\varphi, E)$ $V$
$\varphi$ Cl$(W)$ $E$ $V$








$Q( \xi, \xi)=\sum_{j=0}^{n}\langle Q(\xi, \xi)|\frac{e_{j}}{\sqrt{2}}\rangle\frac{e_{j}}{\sqrt{2}}=\frac{1}{2}\Vert\xi||_{E}^{2}+\frac{1}{2}\sum_{j=1}^{n}\langle\varphi(e_{j})\xi|\xi\rangle_{E}e_{j} (\xi\in E)$
polarize $Q(\xi, \eta)(\xi, \eta\in E)$ $\varphi$
(i) $\varphi$ $n\neq 2,3,5,9$ , (ii) $\varphi$ (cf. Clerc
[3] $)$ . $V$ $E$ 1.1 $V_{E}^{0}$ (2.1)
$\lambda u+\xi+x$ $V_{E}^{0}$
$\triangle_{2}(\lambda x-\frac{1}{2}Q(\xi, \xi))=\lambda(\lambda\triangle_{2}(x)-\langle x, Q(\xi, \xi)\rangle_{1,n})+\frac{1}{4}\triangle_{2}(Q(\xi, \xi))$
$\varphi$ $\xi\in E$ $\triangle_{2}(Q(\xi, \xi))=0$
(cf. [3])
2.6. $V_{E}^{0}$ $(\lambda u+\xi+x)(j=0,1,2)$
$\{\begin{array}{l}P_{0}(\lambda u+\xi+x)=\lambda,P_{1}(\lambda u+\xi+x)=\triangle_{1}(\lambda x-\frac{1}{)^{2}}Q(\xi,\xi))\{\triangle_{2}(\lambda x-\frac{1}{2}Q(\xi,\xi)) (\varphi(\varphi ) ’ ).\end{array}$
$P_{2}(\lambda u+\xi+x)=$
2.2.1 $\dim W=2,3,5,9$ $\varphi$
$\mathbb{K}_{1},$ $\mathbb{K}_{2},$ $\mathbb{K}_{4},$ $\mathbb{K}_{8}$ $\mathbb{R},$ $\mathbb{C},$ $\mathbb{H},$ $\mathbb{O}$ $n=\dim W$ $W=\mathbb{K}_{n-1}\oplus \mathbb{R}$
$V\cong Herm(2, \mathbb{K}_{n-1})$ $d=\dim_{\mathbb{R}}\mathbb{K}_{n-1}=n-1$ 2
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$\varphi_{1},$ $\varphi_{2}$ : $Varrow$ Sym$(K_{d}\oplus \mathbb{K}_{d})\backslash$ $x_{0}\in \mathbb{R},$ $(z, x_{n})\in W=\mathbb{K}_{d}\oplus \mathbb{R}$
$\varphi_{2}(x_{0}e_{0}+x_{n}e_{n}+z)=\varphi_{1}(x_{0}e_{0}+x_{n}e_{n}+z)=1^{(o_{L\frac{x}{zX}}n}(x+)idx+)id (x_{0}-x_{n})id(x_{0}-L_{z}x_{n})id\triangleright z)$
,





$j=1,2$ $Q_{j}$ $\varphi j$
$Q_{1}(\xi, \xi)=\xi\xi^{*}, Q_{2}(\xi, \xi)=t(\xi\xi^{*})=t(Q_{1}(\xi, \xi)) (\xi\in \mathbb{K}_{d}^{2})$ .
2.7. $\tau:v\mapsto t_{v}$ Herm$(2, \mathbb{K}_{d})$
$K_{d}=\mathbb{H},$ $\mathbb{O}$ $t(xy)\neq ty^{t_{X}}$
2.8. $(\varphi j, E_{j})(j=1,2)$ $(V_{E_{j}}^{0}, \triangle j)$
$\varphi_{1}$ $\varphi_{2}$
$\mathbb{R}$- $(V_{E_{1}}^{0}, \Delta_{1})$ $(V_{E_{2}}^{0}, \triangle_{2})$
$(V_{E_{j}}^{0}, \triangle j)$ Herm$(3, \mathbb{K}_{d})$
3 $(V_{E}^{0}, \triangle)$
$V_{E}^{0}$ 1.1 $V_{E}^{0}$ $\langle|\rangle^{0}$ :
$\langle\lambda u+\xi.+x|\mu u+\eta+y\rangle^{0}:=\lambda\mu+\langle\xi|\eta\rangle_{E}+\langle x|y\rangle.$
$V_{E}^{0}$
$\Omega^{0}$ $(\Omega^{0})^{*}$
$(\Omega^{0})^{*};=\{v\in V_{E}^{0}$ ; $\langle v|v’\rangle^{0}>0$ for all $v’\in\overline{(\Omega^{0})}\backslash \{0\}\}$
$g\in G(\Omega^{0})$ $\langle|\rangle^{0}$ $tg$
$tG(\Omega^{0});=\{tg;g\in G(\Omega^{0})\}$
$(\Omega^{0})^{*}$ $e$ $tG(\Omega^{0})$- (cf. [13]). $(\Omega^{0})^{*}$
$\nabla$ $(V_{E}^{0}, \triangle)$ $L_{v}^{0}(v\in V_{E}^{0})$
$v\nabla v’=t_{L_{v}^{0}v’} (v, v’\in V_{E}^{0})$
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$\nabla$ $\lambda,$ $\mu\in \mathbb{R},$ $\xi,$ $\eta\in E,$ $x,$ $y\in V$
$( \lambda u+\xi+x)\nabla(\mu u+\eta+y)=(\lambda\mu+\langle\xi|\eta\rangle_{E})u+(\underline{\varphi}(x)^{*}\eta+\frac{1}{2}\lambda\eta+\varphi(y)\xi)+x\nabla y$














3.1. $(\Omega^{0})^{*}=\{\lambda u+\xi+x\in V_{E}^{0};x\in\Omega$ and $\lambda>\frac{1}{2}\langle\varphi(x)^{-1}\xi|\xi\rangle_{E}\}.$
3.1
2.1 $V=$ Herm$(r, \mathbb{K})$ $\nabla$




$k$ $\det_{[k]}(x)(k=1, \ldots, r)$ $(V_{E}^{0}, \nabla)$ 2.1
$(V_{E}^{0}, \triangle)$ Herm$(rp+1, \mathbb{K})$
3.2. $(V_{E}^{0}, \nabla)$ $(Herm(rp+1, \mathbb{K}),$ $\nabla)$ :





$\xi_{k}\in \mathbb{K}^{p}(k=1, \ldots, r)$ y$\triangleright$
Herm$(rp+1, \mathbb{K})$ $\mathfrak{Y}$ :
$\mathfrak{Y}=\{Y(\mu, \eta, y)=(\begin{array}{ll}\mu \eta^{*}\eta y\otimes I_{p}\end{array})$ ; $y\in Herm(r,\mathbb{K})\mu\in \mathbb{R},\eta\in \mathbb{K}^{rp})\}\subset$ Herm$(rp+1,\mathbb{K})$ .
$(\mathfrak{Y}, \nabla)$ $(Herm(rp+1, \mathbb{K}),$ $\nabla)$ 3.2
$(V_{E}^{0}, \nabla)$ $(\mathfrak{Y}, \nabla)$ 2.1 $(V_{E}^{0}, \Delta)$
$(X, \triangle)$ $\mathfrak{X}$ $\mathfrak{Y}$ $\xi\in E,$ $\eta\in \mathbb{K}^{rp}$
:
$\xi=(\begin{array}{l}t\xi_{1}|t\xi_{r}\end{array}), \eta=(\begin{array}{l}\eta_{1}|\eta_{r}\end{array}), (\xi_{j}, \eta_{j}\in \mathbb{K}^{p};j=1, \ldots, r)$.
$\xi_{j},$ $\eta j$
$\langle\cdot,$ $\cdot\rangle$ : $\mathfrak{X}\cross \mathfrak{Y}\mapsto \mathbb{R}$






$\Omega’=\{Y\in \mathfrak{Y}$ ; $Y$ $\}.$
$\Omega^{0}$ 2.4
3.3. $\Omega’$ $\langle,$ $\rangle$ $\Omega^{0}$
3.4. $\Omega’$ $P_{j}^{*}(Y)(j=1, \ldots, r, r+1)$
$P_{j}^{*}(Y(\mu, \eta, y))=\{\begin{array}{ll}\Delta_{j}^{*}(y) (j=1, \ldots, r) ,\mu\det y-\eta^{*}(^{co}y\otimes^{(}I_{p})\eta (j=r+1) .\end{array}$




2.2 $(V, \triangle)$ $\nabla$
$x\nabla y=(x_{0}y_{0}+B(\hat{x},\hat{y}), x_{0}\hat{y}+y_{0}\hat{x}-y_{n}\hat{x}+B(\hat{x},\hat{y})e_{n})$
$(V, \nabla)$ $\Delta_{1}^{*},$ $\triangle_{2}^{*}$
$\Delta_{1}^{*}(x)=x_{0}-x_{n}, \triangle_{2}^{*}(x)=x_{0}^{2}-x_{1}^{2}-\cdots-x_{n}^{2}=\langle x, x\rangle_{1,n}$
$(V_{E}^{0}, \nabla)$ (3.1)
$Det(_{\frac{1}{2}\xi}^{\lambda} \langle\cdot|\xi\rangle_{E)}\varphi(x)=\lambdaDet\varphi(x)-\frac{1}{2}\langle^{co}\varphi(x)\xi|\xi\rangle_{E}$ (3.2)
$Det\varphi(x)=(\det x)^{\dim E/2}$ $x$
$x^{-1}=(\det x)^{-1}(^{co}x)$ $(^{co}x=$ (tr $x$ ) $e_{0}-x=x_{0}e_{0}-x_{1}e_{1}-\cdots-x_{n}e_{n})$




$\lambda Det\varphi(x)-\frac{1}{2}\langle^{co}\varphi(x)\xi|\xi\rangle_{E}=(\det x)^{\dim E/2-1}(\lambda\det x-\frac{1}{2}\langle\varphi(\tilde{x})\xi|\xi\rangle_{E})$
$\det x$ 2
$\lambda\det x-\frac{1}{2}\langle\varphi(\tilde{x})\xi|\xi\rangle_{E}$
3.6. $(\Omega^{0})^{*}$ $(\lambda u+\xi+x)(j=1,2,3)$
$P_{j}^{*}(\lambda u+\xi+x)=\{\begin{array}{ll}\triangle_{j}^{*}(x) (j=1,2)\lambda\det x-\frac{1}{2}\langle\varphi(\tilde{x})\xi|\xi\rangle_{E} (j=3) .\end{array}$
3.7. $\deg P_{j}^{*}=j(j=1,2,3)$
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